Purpose. Patients with coronary heart disease (CHD) experience reduced quality of life which may be associated with mortality in the longer term. This study explores whether patient-rated physical and mental health status was associated with mortality at 6-year follow-up among patients with CHD attending primary care in Ireland and Northern Ireland. Methods. This study is a secondary data analysis of patients with CHD recruited to a cluster randomized controlled trial from 2004 to 2010. Data collected included patient-rated physical component summary (PCS) and mental component summary (MCS) scores of health status (from the 12-Item Short-Form Health Survey (SF-12)), demographics and clinical parameters at baseline, and all-cause mortality at 6-year follow-up. Multivariate regression was conducted using generalized estimating equations (GEE) with a log-link function. Results are presented as odds ratios (ORs) and 95% confidence intervals (CIs). Results. The study consisted of 762 individuals with mean age 67.6 years [standard deviation (SD): 9.8], and was 29% female. Mean baseline SF-12 mental (MCS) and physical (PCS) component scores were 50.0 (SD: 10.8) and 39.6 (SD: 11.2), respectively. At 6-year follow-up, the adjusted OR for the baseline MCS for mortality was 0.97 (95% CI: 0.95-0.99) and for the PCS 0.97 (95% CI: 0.95-0.99). For every five-point increase in MCS and PCS scores, there was a 14% reduction in the likelihood of all-cause mortality. Conclusions. Overall, the magnitude of effect for both mental health status and physical health status was similar; higher scores were significantly associated with a lower risk of mortality at 6-year follow-up.
Introduction
Self-rated health has been shown to be a predictor of clinical outcomes, even after controlling for a variety of other health-related measures, across a range of community samples (1) . Among cardiovascular samples, studies have confirmed that individuals' self-rated health is a robust independent predictor of major cardiovascular events (2) and mortality (3) (4) (5) (6) (7) .
Similarly, there is growing support for the increased use of patient-reported outcomes, such as self-rated health, in health services expenditures and resource allocation decision-making (8, 9) , which has led to such outcomes currently playing an important role, and will likely play an even more prominent role in the future. This is grounded in the view that such information may enable a more patient-centred approach to health care which may facilitate patients and clinicians to make better decisions and achieve better outcomes (10) . To this end, evidence of the relationship between selfrated health and mortality is of interest, as it may inform the design and development of health care interventions that more effectively address patient needs and improve patient health.
Health status measurement tools, such as the 12-Item Short-Form Health Survey (SF-12) (11), can provide more detailed information than global measures, such as the EuroQol 5D, which typically only provides an overall score of health status, by providing a mental component summary (MCS) score and a physical health component summary (PCS) score. Previously, a systematic review (12) concluded that poor patient-rated physical health status, using a variety of health status measures, was a good predictor for adverse prognosis among cardiovascular patients even when controlling for objectively measured markers of disease severity. However, patient-rated mental health status seemed to be a less reliable predictor of similar adverse outcomes. For the Short-Form Health Survey, specifically, this review reported that nine studies had used a version of this measure, with only one using the SF-12, to evaluate the association between survey responses and mortality. These studies varied in their analytical approach, with approximately half of the studies using the subscales and others using the MCS and PCS score. The results from these studies were consistent with the overall results of the review, that lower physical health status was more consistently associated with increased risk of mortality, while the same association with mental health status was not found (12) . However, more recent evidence has found that patientrated mental health status was a robust independent predictor of a composite measure of new cardiovascular events and all-cause mortality at 3-year follow-up among a large sample of patients with recent myocardial infarction, even when controlling for other mental health markers such as measures of anxiety and depression (13) . Therefore, the evidence around associations between mental health status and health outcomes appears to be inconclusive.
Patient-rated health status may be a useful clinical tool to identify high-risk patients to target for more intensive preventative measures, clinical interventions, and treatments (14, 15) . Although it has been recommended that health status should be included as a standard component of routine measurement in clinical practice to facilitate risk stratification (16) and assess patient outcomes (17), this is not common practice (12) . Secondary prevention of coronary heart disease (CHD) may be most effective and efficient if targeted at particularly high risk individuals (18, 19) . Health status measures, such as the SF-12, can take as little as 2 minutes to complete, and may represent useful tools to identify high-risk cardiac patients to target for secondary prevention (20) .
The objective of this article was to explore the association between patient-rated physical and mental health status separately, with health outcomes, among a sample of patients with CHD attending primary care in Ireland and Northern Ireland. We did this to add to the evidence exploring the potential of physical and mental health status as cardiovascular risk markers, and to highlight the potential usefulness of self-reported health status as a simple tool to identify high-risk patients to enable targeted delivery of secondary prevention programs by clinicians in a primary care setting. We examined the relationship between patient-rated health statusphysical and mental-measured at baseline and health outcomes after 6 years of follow-up, specifically, all-cause mortality.
Methods

Baseline data
This study used data from the Secondary Prevention of Heart Disease in General Practice (SPHERE) study, a cluster randomized controlled trial (RCT) that evaluated cardiac secondary prevention in primary care in Ireland and Northern Ireland (21) . Further details of the trial have been published previously (19) . This study comprises of a secondary analysis of data from the RCT. Data were collected from a combination of patient self-report questionnaires, and by research nurses via chart searches, and study primary care consultations. Notably, of the 903 participants recruited into the SPHERE study, 762 (84%) completed the study questionnaire at baseline and it is these patients that form the study sample for our analysis. The baseline characteristics of the study sample are shown in Table 1 and are compared to the full sample in Supplementary Table S1 .
Health status
Health status was assessed at baseline using the SF-12. The SF-12 is a generic measure of health status, with 12 questions covering eight dimensions of health: physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional, and mental health (11) . Exploration of the data pertaining to individual SF-12 questions is presented in the Supplementary Tables S2-S4. The individual components of the SF-12 combine to create two summary scores: a physical component summary (PCS) and a mental component summary (MCS). The SF-12 scores were calculated following a norm-based scoring algorithm (22) . This means that the scores on the PCS and the MCS are linearly transformed to allow comparisons with the mean score (50) and standard deviation (10) in the general US population in 1998. Higher scores on the PCS and the MCS indicate a higher level of physical and mental health status, respectively. Table 1 reports the MCS and PCS summary scores from the SF-12 at baseline. Previous reports have indicated that a five-point difference in SF-36 scores is clinically significant (11, 23) .
Study follow-up
At the end of follow-up, 6 years after randomization, mortality data were obtained from practices, with date and cause confirmed from the General Registry Office (Republic of Ireland) or from the General Register Office (Northern Ireland). For those who had moved practice within Ireland, every attempt was made to follow them to the new practice. At follow-up there was mortality data for 748 (98%) of the 762 participants; 639 (85%) of which were still alive.
Statistical analysis
Multivariate regression analyses were conducted to determine the association of SF-12 MCS and PCS with all-cause mortality (dead/ alive) at 6 years controlling for clinical, treatment and socioeconomic variables. In this case, generalized estimating equation (GEE) multivariate regression analysis with a binomial variance function, a log-link function, and an exchangeable correlation structure (24) , was adopted. The main covariates of interest were the PCS and MCS scores (25) , while the identification strategy involved controlling for a range of covariates accounting for differences in risk status across study patients. Potential covariates included: (i) clinical risk factors, namely: age, gender, years since diagnosis, history of myocardial infarction, history of diabetes, systolic and diastolic blood pressure, total cholesterol, smoking status, body mass index, diet (portions of fruit/vegetables per day) and exercise (levels of exercise); (ii) treatment covariates: intervention allocation (intervention or control arm), lipid lowering, anti-hypertensive, or anticoagulant medications prescribed; and (iii) educational level. A series of univariate analyses were conducted to identify which of these potential covariates would be included in the multivariate model. Covariates with a P value of less than 0.2 in the univariate analysis were included in the multivariate model. In the primary analysis, MCS and PCS were included in our model as continuous variables then also as fivepoint increment, which has been reported previously as representing a meaningful observable difference and which was also reported in the study protocol to power the study (21) . A secondary analysis was then performed where MCS and PCS were divided into categories, based on quintiles, to explore whether there were differential effects across the distribution of SF-12 component scores. Descriptive statistics for quintiles of MCS and PCS are reported in Table 2 . A further analysis was conducted which used the subscales of the SF-12 in both univariate models and with each individual subscale incorporated into the multivariate model; these results are reported in Table 5 . All regression coefficients are reported as odds ratios (ORs) and 95% confidence intervals (CIs) which estimate the likelihood of experiencing the outcome of interest, all-cause mortality. A model selection method for GEE termed 'quasi likelihood' under the independence model criterion (QIC) was used to select the best working correlation structure (26) . All analyses were conducted using the statistical package 'R' (version 3.2.3).
Results
Of 903 participants recruited into the trial at baseline (444 in the intervention arm and 459 in the control arm), 762 (84%) completed the SF-12 at baseline. The study sample consisted of 762 individuals with a mean age of 67.6 years (standard deviation: 9.8), and was 29% female. When we compared those who completed the SF-12 with those who did not on demographic and clinical characteristics, they differed on educational status alone, with respondents more likely to have completed second level education than non-respondents (Supplementary Table S1 ).
The results from the multivariate analysis are presented in Table 3 . These suggest that after controlling for other covariates, both higher physical and mental health status at baseline were associated with a reduced likelihood of death over the follow-up period. The OR for a one-point improvement in PCS was 0.97 (95% CI: 0.95-0.99) and for a one-point improvement in MCS was 0.97 (95% CI: 0.95-0.99). Several additional covariates had significant associations with allcause mortality in the multivariate model. These included increasing age, male gender, being a current smoker, and being prescribed antihypertensive drug therapy, with the largest effect observed for smoking status (OR: 4.9; 95% CI: 2.4-10). A five-point difference has been reported previously as a clinically meaningful change in scores. Therefore, MCS and PCS were modeled as five-point increments. In this analysis, a five-point difference in PCS score was associated with a 14% decrease in likelihood of all-cause mortality at the end of follow-up (OR: 0.86; 95% CI: 0.77-0.96). Similarly, a five-point higher MCS was associated with a 14% decrease in the likelihood of all-cause mortality (OR: 0.77-0.97). The secondary analysis, which divided both the MCS and PCS each into quintiles ( Table 2 ), showed that those patients in the lowest quintile of MCS and PCS, compared to those in the highest, were both significantly more likely to have died at the end of follow-up (OR: 2.96; 95% CI: 1.3-6.7 and OR: 3.95; 95% CI: 1.4-11, respectively). Results were consistent for each quintile of the PCS score; quintiles 1-3 all showed a statistically significant increased likelihood of all-cause mortality, and quintile 4 showed a non-statistically significant increased risk (Table 4) . For MCS, the association was less clear. There was a statistically significant increased likelihood of all-cause mortality for quintiles 1 and 3 compared to quintile 5.
Quintiles 2 and 4 of MCS also showed that all-cause mortality was more likely compared to quintile 5, but these estimates were not statistically significant. In the analysis which evaluated the association between individual subscales of the SF-12, a protective effect was observed for all-cause mortality in most subscales in multivariate analysis, with the largest effect in the 'General Health' subscale. Of all the SF-12 subscales, only the 'Bodily Pain' subscale was not statistically significant in multivariate regression.
Discussion
This study found a statistically significant association between SF-12 mental and PCS scores and all-cause mortality. Importantly, the analysis also explored how the distribution of SF-12 MCS and PCS scores, as quintiles, were associated with all-cause mortality. Given the increasing role of patient-reported outcomes, such as self-rated health, in health service resource allocation decision-making, evidence of the relationship between self-rated health and mortality is of interest. The results of this study contribute to the evolving evidence in this area, which was previously inconclusive for the impact of mental health status on health outcomes (12) . Moreover, these findings reinforce those of Nielsen et al. (13) who concluded that low mental health status following myocardial infarction was independently associated with an increased risk of a composite index of new cardiovascular events and/or death. Overall, the magnitude of effect for both mental health status and physical health status were similar and significantly associated with a reduced likelihood of mortality at the end of follow-up when adjusting for potential confounding variables. Both MCS and PCS were associated with approximately a 14% reduction in all-cause mortality for a five-point higher score. In the secondary multivariate analysis, which divided MCS and PCS into categories based on quintiles, the results showed that those in the lowest quintiles (lower scores and thus, lower health status) had a much higher likelihood of mortality than those in the highest quintiles (better scores). Perhaps unsurprisingly, the magnitude of effect for the lowest quintile for PCS was the largest, showing the greatest likelihood of mortality after 6 years of follow-up (Table 4) . The results were also consistent among the SF-12 subscales with better scores in all but one subscale being significantly associated with reduced likelihood of all-cause mortality (Table 5) .
Our study confirms the findings of previous research (13, 27 ) that health status measurement using the SF-12 may allow for the identification of patients at particularly high risk of adverse outcomes. However, the SF-12 does not provide guidance on clinically based thresholds for the PCS or the MCS or on the application of these scores to clinical practice. One possible approach is to divide scores into quartiles as done by Nielsen et al. (13) . Their study found that the quartile reporting lowest levels of mental health status had more than a 2-fold higher risk of a composite index of cardiovascular events and/or death, compared to those with the highest mental health status. This finding aligns with the results of our secondary analysis (using quintiles as opposed to quartiles), which showed a 3-fold higher likelihood of all-cause mortality among those in the lowest quintile compared to those in the highest quintile for MCS.
The clinical implications of our work is thus to consider that, while current levels of systematic care in a primary care setting should continue to be provided for all patients with established heart disease, additional specific personalized interventions may be most effective if targeted at those who are identified as being at highest risk, based on health status and clinical profile. The mechanism by which self-rated health scores, as reported by the SF-12, Table 4 . Multivariate regression (using a GEE approach), with SF-12 PCS and MCS scores as quintiles (fifth quintile, highest score in PCS or MCS, as the reference category), and mortality at end of 6- may be related to all-cause mortality is not clear and is beyond the scope of this analysis. However, one potential underlying cause may be the presence of genetic factors. For example previous literature has shown that variability in responses to self-rated health surveys may be associated with genetic factors (28) and that this might extend also to explain some variability in health services utilization (28, 29) . Additional evidence suggests that, in older adults, genetic factors are significantly associated with levels of optimism and self-rated health (30) . However, agreement as to the magnitude of influence of genetic factors on self-rated health is not unanimous; other studies have suggested that environmental factors, after controlling for such genetic factors, may be more influential to self-rated health (31) . Therefore, the plausibility of this mechanism remains an avenue for future research. In addition, Idler and Benyamini (1) have previously proposed four possible mechanisms for the association between self-rated health and mortality. The first is that self-rated health is more inclusive than covariates typically included in studies or even than information possibly available to physicians. The second is that it also reflects that trajectory of health over time. The third is that self-rated health reflects behaviours that are likely to promote health (32) . Finally, self-rated health may reflect internal or external resources, which, in turn, contribute to maintaining good health. Although their review, and many studies supporting these mechanisms, mostly involved a single-item self-rating of health (the first item in the SF-12 questionnaire), these mechanisms are likely to operate similarly for more elaborate measures of perceived health, such as that used here. Therefore, self-rated health may reveal complementary information that is not fully covered by biomarkers and other information readily available to the GP; alternatively, or in addition, it may have a causal role in slowing decline in health status, through its beneficial effect on health behaviours and mental health. In the context of the results presented in this study, future research should focus on determining if the inclusion of the SF-12 in risk assessment of patients attending primary care has the potential to impact on patient outcomes. In addition, future research is needed to determine the type of intervention for this subgroup of patients that could be employed to reduce this risk. Although the results cannot be interpreted as revealing novel causative factors for mortality, we believe that the study is well justified as an approach to improving risk stratification in clinical practice as well as for future interventional trials. Specifically, we believe that our results will allow clinicians in primary care settings to better understand their patients' self-rated mental and physical health as a predictor of poor health outcomes and to dedicate resources toward optimizing management and follow-up of those at higher risk. Our study had several limitations. The relationships documented between cross-sectional self-reported health status and health outcomes do not necessarily mean that altering self-reported health status will result in changes to these outcomes. We only included participants from the original sample who completed the SF-12. While this is a reasonably high response rate (84%), respondents were significantly more likely to have completed second-level education than non-respondents (Supplementary Table S1 ) and, therefore, our results may not be generalizable to a sample of patients who had completed less education. We had incomplete outcome data at the end of follow-up, and while this number was low (2%), it is possible that patients for whom we did not have data may have differed from those included in our analysis.
Conclusions
The results of this study suggest the presence of an association between baseline patient-rated health status and all-cause mortality among a sample of patients with CHD. Moreover, patients with the lowest scores, measured as quintiles, are much more likely to have died at the end of follow-up compared to those with higher scores. It is possible that health status, as measured by the SF-12, may be a useful risk stratification tool to enable us to target secondary prevention interventions more effectively. Further research is needed to determine if this is the case.
Supplementary material
Supplementary data are available at Family Practice online.
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